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The expression of a cell proliferation-associated human nu-
clear antigen was immunohistochemically studied in human 
anagen hair and hair follicles using the monoclonal antibody 
Ki-67. The reaction of Ki-67 in mature anagen hair follicles 
was observed in the hair matrix cells and outer root sheath 
(ORS) cells. Nuclear staining was seen in a small number of 
matrix cells and in some ORS cells; this finding corresponded 
to the thymidine or bromodeoxyuridine labeling studies pre-
viously reported. In addition, there were two different pat-
R ecently, various antibodies that can detect certain cell layers of normal human hair and its follicles have been developed [1-4]. For example, the HKN-5 anti-hair keratin monoclonal antibody reacts with the inner-most cells (IMC) of the outer root sheath (ORS), and 
has helped to identify them as cells forming an independent cell 
layer [2]. Anti-filaggrin monoclonal antibody has been found to 
bind to Henle's layer of the inner root sheath (IRS) [3]. In addition, 
it has been shown that the 4 F2 antigen, an activation marker for the 
lymphoid cell population, is found in epidermal basal keratinocytes 
and follicular epithelium. The expression of this antigen is thought 
to be related to the proliferative, active metabolic, and/or activation 
phases of these cells [4]. 
In the present study, we used Ki-67, which has been reported as a 
monoclonal antibody against a cell proliferation-associated human 
nuclear antigen (G\, S, G2 , and M phase) [5,6]' to investigate the 
mitotic activities of hair and hair follicles, as there has been no 
previous comprehensive report using Ki-67 as mitotic indicator. 
The demonstration of mitotic cells was rather disappointing, but we 
found that the IMCs of the ORS were strongly positive for Ki-67 in 
their cytoelasm. As the IMC layer has been found in anagen hair 
follicles [2J, we focused on the anagen stage and immunohistoche-
mically examined it by using human axillary hair follicles. 
MATERIALS AND METHODS 
HUIIlan Tissue Axillary skin was taken from the patients (7 
women, 15-43 years old), who complained of axillary hyperhi-
drosis with a fetid odor. For these patients, the operation according 
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tern~ of cytoplasmic staining in the ORS: strong staining of 
the mnermost cells (IMC) and weaker staining of the other 
ORS cells in the isthmus. Ki-67 reactivity of the IMC layer 
was observed at each stage of anagen and was regularly seen 
from the upper bulb to the isthmus. Ki-67 is a commercially 
available antibody that detects cycling cells. However, the 
I~Cs in anagen hair f?llicles s.howed cytoplasmic labeling by 
Ki-67 from the matnx cells m the upper bulb to the distal 
portion of the isthmus. ] Invest Dermatol 95:393 -396, 1990 
to the Ri~g method (simple elliptical excision and radical gland 
removal) [7] was made under local anesthesia. Four skin specimens, 
which were cut into approximately 6 X 6 X 9-mm pieces, were 
selected from each patient, and then frozen in OCT compound 
(Miles Laboratory, Elkhart, IN). Cryostat sections were cut to 811.m 
in thickness, either perpendicular or parallel to the skin surface. By 
serial sectioning, two to five anagen hair follicles were obtained 
from each skin piece. At least eight different anagen hair follicles, 
sectioned longitudinally or transversely, were examined in each 
subject. 
Immunohistochemical Staining Acetone-fixed sections were 
immunostained by a peroxidase-anti-peroxidase technique [8] 
using 3-amino-9-ethyl carbasole as a substrate. We used mouse IgG 
monoclonal antibody against human proliferating cell, Ki-67 
(DAKO, Glostrup, Denmark) at a 1: 20 dilution for the primary 
antibody, and normal mouse IgG for the negative control. The 
sections were counterstained with Mayer's hematoxylin and 
mounted in Glycergel (DAKO). 
To confirm the site of reactivity of Ki-67, serial sections were 
immunostained by HKN-5 (mouse IgG monoclonal antibody) [2], 
which was the kind gift of Dr. M. Ito (Department of Dermatology, 
Niigata University School of Medicine, Niigata,Japan). Two serial , 
fresh-frozen sections were stained by an indirect immunofluores-
cence technique. One was incubated with Ki-67 (as is) and the other 
with HKN-5 (1: 100 dilution), followed by incubation with fluo-
rescein isothiocyanate-conjugated goat antimouse IgG (Cappel 
Laboratory, Malvern, PAl . Sections were mounted in glycerine-
phosphate-bu~ered saline and observed under an Olympus FLM 
fluorescent ITI1CrOScope. 
RESULTS 
Immunohistochemical Findings In the epidermis, Ki-67 
reacted with the cytoplasm of basal keratinocytes and a small num-
ber of nuclei (Fig 1A). The cytoplasmic staining of basal cells re-
sulted in a linear staining pattern of the basal layer of the epidermis 
and the follicular infundibulum (Fig 2A), which disappeared at the 
level of the sebaceous duct opening. 
Reaction of Ki-67 in mature anagen hair and hair follicles was 
observed in the hair matrix and ORS cells. Nuclear staining was 
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Figure 1. Immunoperoxidase staining with Ki-67 of epidermis and mature anagen hair follicles. A, axillary skin; B, hair bulb; C and F, middle portion of th~ 
isthmus; D and G, suprabulbar portion; E andH, above the bulb. Nuclear staining (arrows) is observed in some of the basal keratinocytes (A) , in matrix cells (B), 
and in ORS cells at the isthmus (C). Cytoplasmic staining is observed in basal cells in the epidermis (AJ and in ORS cells in the isthmus (C,F). The IMC layer 
(arrowheads) is strongly positive (B -H). Open arrows (G,H) show nuclei ofIMCs which are negative for Ki-67. P, papilla; HC, hair canal; I, IRS; 0, ORS; He, 
Henle's layer; Hu, Huxley's layer. A, magnification X200; B, magnification X150; C-E, magnification X80; F-H, magnifcation X200. 
Figure 2. Immunoperoxidase staining with Ki-67 of follicular infundibu-
lum and isthmus of a mature anagen hair follicle. A, infundibulum; B, 
isthmus Uust below A}. Cytoplasmic staining of basal cells disappears at the 
level of sebaceous duct opening (A), and that ofIMC (arrowheads) disappears 
below the trichilemmal keratinization. Arrows indicate nuclear staining. 
HC, hair canal; TK, trichilemmal keratinization; I, IRS; 0, ORS. A and B, 
magnification X 100. 
seen in a small number of matrix cells (Fig IB), and in some O R 
cells that were located in the periphery of the ORS, especially at tht' 
isthmus (Fig 1 C). In addition, two different patterns of cytoplasmi 
staining were observed in the DRS. One was strong cytoplasmi 
staining of the IMC layer, which was seen as a single circular layer in 
the transverse sections of hair follicles (Fig IC-E) and as a singl~ 
linear layer in the longitudinal sections (Fig IF -H). The IMC la reI 
was stained from the upper bulb (Fig IB,H) to the isthmus (Fig 
1 C,F,2B). Particularly in the suprabulbar portion (Fig ID,G), th~ 
Ki-67 -positive IMC layer was easily recognized, because it was 
clearly delineated external to Henle's layer, which was already kera-
tinized and negative for Ki-67 . In the suprabulbar portion, it was 
seen that cytoplasm oflMC was positive, but that their nuclei "\"\ m 
negative for Ki-67 (Fig 1 G,H). The cytoplasmic staining continu 
up to the distal portion of the isthmus and disappeared below th 
trichilemmal keratinization (Fig 2B). At the isthmus, DRS cells 
other than IMC also showed weaker staining than that ofIMCs (Fi:> 
IC,F,2B) . 
Figure 3 shows Ki-67 reactivity for the different stages of anagen 
hair follicles . The IMC showed positivity in the cytoplasm from th~ 
early to mature phases. Nuclear staining of matrix cells was noticed 
at each phase of the anagen hair follicles, but the intensity of stain-
ing was rather weak compared with that of cytoplasmic staining 0 -
the IMC; it was difficult to recognize such weak staining on sectiom 
counterstained with hematoxylin. There was no reactivity ofKi-6i 
in the cortex and IRS above the bulb and hyaline membrane. 
Regarding the staining ofKi-67 and HKN-S on serial sections a 
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Figure 3. Immunoperoxidase staining with Ki-67 of anagen hair fo ll icles at 
different stages. A, early anagen; B, middle anagen; C, mature anagen. 
Arrowheads show the Ki-67-positive IMC layer (A-C) and an Opetl arrolV 
indicates a Ki-67 -negative nucleus of an IMC (B). S, sebaceous gland; P, 
papilla. A-C magnification X 100. 
linear fluorescence was seen in the same layer of both sections 
(Fig 4) . This confirmed again that the Ki-67 - positive layer corre-
sponded to the IMC layer. 
DISCUSSION 
It has been reported that the monoclonal antibody Ki-67 detects a 
cell proliferation-associated human nuclear antigen. Thus, its use 
contributes to the quick and easy evaluation of the growth fraction 
of normal and neoplastic cell populations [5,6]. In cell kinetic stud-
ies of psoriatic epidermis or malignant melanoma, Ki-67 - positive 
cells (nuclear pattern) were found to be increased in numbers. Ki-67 
was also thought to be useful to determine the epidermal proliferat-
ing cells [9 -11 ] and to reflect proliferative activity in melanocytic 
Figure 4. Immunofluorescence staining of serial sections of an anagen hair 
follicle (suprabulbar portion). A, Ki-67 staining; B, HKN-S staining. A 
linear fluorescence (arrowheads in A, B) appears in the same layer (IMC layer) 
of both sections. Cx, cortex, I, IRS; 0, ORS. A and B, magnification X 100. 
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skin tumors [12]. However, in addition to nuclear staining, cyto-
plasmic staining has been observed in the basal layer of normal 
mucous membrane [5] and epidermis [9,lD], indicating that normal 
basal cells also express the cytoplasmic Ki-67 antigen-like substance 
[9] . In the present study of normal human anagen hair and hair 
follicles, we utilized the latter staining characteristics. 
In the study of hair and hair follicles, sampling has usually been 
done from the scalp. However, we have used axillary hair follicles 
obtained from patients complaining of axillary hyperhidrosis with a 
fetid odor. Though the hormonal control on hair growth is differ-
ent in body sites [13], the structure of hair and hair follicles is 
identical. In addition, axillary hyperhidrosis with a fetid odor is due 
mainly to functional abnormalities of the sweat glands [13,14]; the 
hair follicles are intact. This means that axillary hair follicles ob-
tained from these patients could be used for the study of these 
follicles. 
In the matrix cells and peripheral cells of the ORS, nuclear stain-
ing was observed. This finding corresponded t<;> the results of pre-
vious thymidine or bromodeoxyuridine-Iabeling studies [15,16] 
and to an ultrastructural study [17]. Concerning the cytoplasmic 
staining, it was noticed that there were two different staining pat-
terns in mature anagen hair follicles . The IMC of the ORS were 
strongly positive, whereas the other ORS cells were weakly positive 
in the isthmus. The Ki-67 reactivity of the IMC layer was recon-
firmed by comparison with HKN-5 staining, and was recognized in 
each stage of the anagen hair follicles from the upper bulb to the 
distal isthmus. As no mitotic cells were reported in the IMC layer in 
the bromodeoxyuridine labeling study [16], and as IMC were nega-
tive for Ki-67 in their nuclei (Fig IG,H,3B), the cytoplasmic stain-
ing of IMC seems to be unrelated to mitotic activity. 
An ultrastructural study of the differentiation and function of the 
hair bulb has demonstrated that the two outer layers and the next 
two layers are lined up consecutively in the lower to upper bulb . 
The former is differentiating to the ORS and the latter to Henle's 
and Huxley's layers of the IRS [17]. Recent studies have revealed 
that the innermost of the two outer layers of the bulb differentiating 
to the ORS corresponds to the IMC layer [18,19], indicating that 
matrix cells of the IMC layer exist in the lower bulb. However, our 
findings under li ght microscopy indicated that the Ki-67 - positive 
IMC layer started from the upper bulb. A similar staining pattern 
has been reported for Henle's layer, where filaggrin was detected 
above the upper bulb [3], though ultrastructurally the matrix cells of 
Henle 's layer existed in the lower bulb [17]. These findin gs may be 
explained as follows: matrix cells of the IMC layer and Henle's layer 
may be located in the lower bulb. However, they begin to produce 
Ki-67 antigen-like substance or filaggrin as they migrate upward, 
and start to express these in the upper bulb. 
In contrast, the ORS cells except for IMCs showed both nuclear 
and cytoplasmic reactivity with Ki-67 in the isthmus. This was due 
to the requirement for the ORS to produce the entire follicular wall 
after keratinization and shedding of the IMC above the sebaceous 
duct [20] . The increase in Ki-67 - positive cells (nuclear pattern) at 
the isthmus (Fig 1 C,2B) is therefore related to an increased prolifer-
ation of ORS cells. 
At this' time, we speculate that the cytoplasmic staining of IMC is 
unrelated to their mitotic activity, but that IMC have the Ki-67 
antigen-like substance in their cytoplasms. Moreover, this substance 
must be present in normal basal cells because their cytoplasms are 
positive with Ki-67 (Fig lA,2A) [5,9 ,10]. Interestingly, in the psor-
iatic epidermis, Ki-67 - positive cells (nuclear pattern) were in-
creased in number, whereas the cytoplasmic staining of basal cells 
was diminished or completely gone [9] . This phenomenon may 
indicate a possibility that such aberrant behavior of the epidermis as 
psoriasis leads to the absence of a cytoplasmic Ki-67 antigen-like 
substance. If so, it is likely that the IMC layer showing positive with 
Ki-67 is more complex than a simple structure. 
Although the nature of the cytoplasmic Ki-67 antigen-like sub-
stance and the function of the IMC layer remain to be established, 
the IMC layer is strongly positive from the upper bulb to the 
isthmus portion at all stages of anagen. Ki-67 is therefore another 
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marker of the IMC and confirms the previous observation that the 
IMC is an independent layer of the ORS [2,18]. 
We wish to thatlk Dr. Masaaki Ito for his kitld gift of HKN-5. 
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ANNOUNCEMENT 
A joint meeting of the Society for Cutaneous Ultrastructure Research (SCUR, 18th Annual 
Meeting) and the Japanese Society for Ultrastructural Cutaneous Biology (JSUCB) will be 
held May 23 - 25, 1 ~91 in Vienna, Austria. Topics: Workshop on Immunoelectronmicroscopy 
and Related Techmques, guest lectures, Electronmicroscopy in Basic Cutaneous Research, 
clinical case reports. Organization: Prof. Dr. W. Gebhart, Doz. Dr. W. Jurecka, 2nd Depart-
ment of.Dermatol~gy, U mverslty of Vienna. Information: The Vienna Academy ofPostgradu-
ate MedICal Education and Research, Alser StraBe 4, A-1090, Vienna (Austria). Tel: (+ 43)1/42 
1383-0,427165. Fax: (+ 43)1/42 13 83-23. 
